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1 
DtfTBODUOTION 
A common objective of a small grain breeding program is to improve 
grain yield. With oats, as with many crops, this characteristic is not an 
easy one for which to select. Grain yield variability due to environmental 
factors often masks the variability due to genetic effects. One method 
proposed to circumvent this problem is to select for characteristics which 
are associated with or compose yield, i.e., yield components. The primary 
components of grain yield are the number of panicles per plant, the number 
of seeds per panicle and mean weight per seed. It is conceivable that if 
heritability percentages of yield components and correlations among the 
components are used to construct an optimum selection index, the effi­
ciency of selections may be greater than by using yield performance itself. 
Experience has shown that grain yield is subject to a larger relative 
experimental error than some other quantitative characters, e.g., seed 
weight. Since seed weight can be subjected to component analysis and 
measured precisely with small sample size, this character was selected to 
study the theory and application of character component analysis. The 
specific objectives of the study were l) to subdivide seed weight into the 
components ; length, width and density, Z) to determine the mode of in­
heritance of seed weight and its components, 3) to show how these compo­
nents affect seed weight, and 4) to determine the variability of seed 
weight and its components induced by radiation. 
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REVIEW OF LITEBATUHE 
The concept of yield component analysis is not new, hut the inter­
pretation of component interactions has changed. In 1914, Love and 
Leighty (9) found that oat grain yield was reduced by a decrease in seeds 
per panicle, but not by a decrease in seed weight. Correlations between 
number of culms per plant and yield were high, positive and stable. 
Tincker and Jones (13) found that cutting side tillers from oat plants 
accelerated the emergence of panicles on the main axes by 2 days. They 
postulated that varieties which perform well under adverse conditions might 
do so because of a high death rate of side tillers. 
An extensive analysis of oat grain yield was conducted by Fore and 
Woodworth (l), by calculating correlations between yield and its compo­
nents: tillers per plant; panicles per plant; whorls per plant and per 
panicle; branches per plant, per panicle and per whorl; percent sterile 
spikelets; percent of hull and average weight of one seed. Yield was most 
closely correlated with whorls and branches per plant. The correlation 
between yield and seed weight was positive but low, whereas the latter 
character was highly correlated with yield per panicle. 
The extent of tillering had little effect on yield according to 
Stephens (12) who found that spikelet weight and population density (ex­
ternal competition) and number of grains per panicle (intrapanicle com­
petition) were all negatively correlated. 
Mac Key (10) represented grain yield per unit area of land in terms 
of the following components: 
A. Plant number per onit area 
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B. Plant grain yield: 
1. Number of fertile tillers per plant 
2. Whorl number per panicle 
3. Branch number per whorl 
4. Spikelet number per branch 
5- Grain number per spikslst 
6. Weight per grain 
In 1956, Grafius (?) interpreted yield as the multiplicative product 
of three components: number of panicles per plant, number of seeds per 
panicle and weight per seed. By representing yield as the volume of a 
rectangular parallelepiped, with each component as one of its dimensions, 
he postulated that the components could be used to predict the crosses 
which would give maximum segregation for yield. Further subdivision of 
these components was also discussed, e.g., seed weight could be subdivided 
into diameter, length and density. 
The relationship between stand and panicles per plant was investi­
gated by Grafius (8) and Wiggans and Frey (15). Most of the varieties 
tested adjusted for differences in stand by increasing or decreasing the 
number of panicles per plant. 
Frey (2,3,5) has shown the effects of various nitrogen treatments and 
seeding dates upon yield and its components. All treatments had less ef­
fect upon weight per 100 seeds than upon number of panicles per plant or 
seeds per panicle. Furthermore, (4) the variation due to variety x loca­
tion interaction was smaller for yield components than for yield in five 
of six cases. This was explained as due to the multiplicative interaction 
of the components. Since the combined effects of the components may not 
be a true example of genetic epistasis, the term "geometric epistasis" 
was suggested. 
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MATERIALS AMD METHODS 
Component Studies 
Materials 
The materials used for the radiation studies consisted of non-
radiated (control) and radiated populations (derived from 3 cycles of x-
radiation) from each of the oat strains, Bonham and C. I. 6?48.^ Check 
and Xg seeds were*space planted at 12-inch intervals in 20-foot rows, 
spaced one foot apart, in 1958. Check and progenies were grown, one 
line per 3-foot progeny row, with 1-foot spacing between rows, in 1959» 
The inheritance and heritability of seed weight and its components 
were studied on 12 oat crosses (table 5) « The Fg an<^ *3 populations were 
grown in the same manner as the radiation populations. Each Fg» an^ 
check plant grown in 1958, was harvested and threshed separately and in 
1959» each progeny row was harvested and threshed separately. 
Weather conditions were favorable for oat growth in both 1958 and. 
1959, resulting in well filled caryopses, The oat plants were sprayed 
with a fungicide (active ingredients — Nabam^ and zinc sulphate) at week­
ly intervals from heading to maturity to prevent rust infection which 
could confound the genetic expression of seed weight. 
Methods 
Measurements were taken on caryopses (groats) to eliminate the con­
founding effects of the hulls (lemma and palea) which adhere to the 
*C. I. 6?48 oat strain was selected from the cross Clinton^ x Santa 
îe. 
%abam is a short name applied to dlsodium ethylene bisdithiocar-
bamate. The Rohm and Has s Co. 's brand Di thane D-14 was used as the source 
of Nabam. 
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çnrynpiiiH in Avena aativa. Groat weight varies as a function of length, 
width and density as follows: 
G.W. = L(|)2 DK (a) 
where: G.W. = Groat weight as measured by grams per 100 groats 
L = Groat length in millimeters 
W = Groat width in millimeters 
D = Density 
K = A correction factor for groat shape 
Values for K could thus be calculated from the formula: 
Ten primary seeds from each sample were dehulled by hand, and the 
groats were singed to remove pubescence. The length and width of each 
groat was measured to 0.1 millimeter by projecting its shadow, at 10X mag­
nification, onto a sheet of "millimeter graph paper" with a Master Vu 
Graph. 
The remnant oat seeds from each sample were dehulled with an impact 
dehulling machine and a 100-groat sample was taken from each. 
The density determinations were obtained by dividing the weight of 
100 groats by the volume of acetone which they would displace. Acetone 
was used because it had a lower surface tension than water. 
The length, width and weight per 100 groats of all oat strains used 
in the radiation study or as parents for the crosses are given in Table 1. 
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TfiblA 1. Mean groat length, width and weight per 100 groat* for oat 
BViOlUB UOOU Xli biio i. avbAO vauu o w vivy -
• — -  -  —  
Strain 
Weight per 100 
groats Groat length Groat width 
1958 1959 1958 1959 1958 1959 
gnB * gms. mm. mm. mm. mm. 
Olintland 1.74 1.58 7.30 7.37 2.47 2.46 
Rodney 1.98 2.03 7.07 6.59 2.69 2.51 
C. I. 1003 — 1.92 8.98 8.37 2.86 2.50 
Andrew 1.79 2.29 8.24 7.89 2.50 2.38 
Putnam 1.85 2.29 7.28 7.39 2.71 2.70 
A 158-11* 1.57 2.00 7.12 7.32 2.49 2.55 
Burnett 2.13 2.53 7.65 7.40 2.74 2.68 
A72-165-5 1.77 1.84 6.95 6.67 2.70 2.34 
Newton 1.86 2.29 7.45 7.10 2.53 2.66 
C. I. 6748 1.67 1.68 6.8 5 6.71 2.35 2.50 
Bond* 1.99 2.07 7.14 7.77 2.61 2.77 
Eaton 2.08 2.15 6.56 7.13 2.64 2.60 
Cherokee 2.06 2.29 7.33 7.23 2.91 2.52 
B. L. 2105 2.02 2.82 6.93 7.58 2.91 2.60 
Mo. 205 1.70 2.08 7.51 8.27 2.44 2.54 
Bonham 1.87 2.38 6.89 7.39 2.45 2.67 
®A dwarf line derived from radiated Baron. 
^A short line derived from radiated C. I. 6748. 
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Length and Width Development Studies 
In 1959» an experiment was conducted to determine the number of days 
during which the length and width of the groat developed. Twenty primary 
florets from tip spikelets were collected from each of 5 blocks of Clint-
land oats (six 8-foot rows per block) at 2, 4, 6, 8, 10 and 21 days after 
antheeie. Length and width measurements were made on ten of the primary 
groats from each block immediately after harvest and on the other ten 
after they were air dried for 48 hours. 
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RESULTS 
Density Determinations 
Preliminary experiments showed that the density of oat groats vas 
influenced "by storage conditions. This source of error was eliminated by 
storing the groats in a dryer for 3 days prior to the density determina­
tions. 
No significant variation was found among the means of the parental 
strains, or the strains which had been radiated, in either 1958 or 1959 
(Table 2). The mean density of all entries in this experiment was 1-3647. 
Table 2. Analysis of variance of groat densities from parental strains 
and strains used in radiation studies 
Source of 
variation D.F. Mean squares 
Tears 1 .0001 
Strains 14 .0045® 
Tears x strains 14 .0031 
Samples 154 .0022 
^"Strains" mean square was tested for significance with "years x 
strains" interaction mean square. 
In 1953. densities were determined, by water displacement, on groat 
samples from oat varieties in the North Central Uniform Nursery grown at 
Aberdeen, Idaho, under rust-free conditions, and at Kanawha, Iowa, under 
severe rust conditions. The analysis of this experiment (Table 3) showed 
a significant variety x location interaction. When the data from each 
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Table 3- Analysis of variance of groat densities for varieties in the 
—  C Z t —  C C — " i  " * *  C > e w i  n  t :  A T i A T f l  .  T  ( i f t h O  a n d .  
Kanawha, Iowa, in 1953 
Source of variation D.F. Mean squares 
Varieties 39 .0043 
Locations 1 .0020 
Varieties x locations 39 .0027** 
Samples ' 80 .0013 
Tor this and. all following tables: 
••Exceeds the 1$ level of probability. 
location were analyzed separately (Table 4), varietal variation was sig­
nificant only for the material grown at Kanawha. This variation was 
attributed to the confounding effects of differences in rust resistance 
and the resulting rust damage to the groats. 
Since significant variation among the groat densities of the parental 
strains could not be demonstrated and rust infection was prevented in both 
Table 4. Analyses of variance of groat densities for varieties in the 
North Central Uniform Nursery grown at Aberdeen, Idaho and 
Kanawha, Iowa, in 1953» 
Source of D.F. Mean squares 
variation Aberdeen Kanawha 
Varieties 39 .0015 .0055** 
Samples 40 .0011 .0015 
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1958 and 1959. It was assumed that "D" In formula (a) was a constant value 
of 1.364?. 
Heritability percentages in standard units (6) were relatively low 
for both weight per 100 groats and groat width (Table 5)» Groat length, 
however, showed a total heritability of $1 percent. Correlation coef­
ficients (Table 6) among these three characters showed groat width to be 
more closely correlated to weight per 100 groats (total r's of 0.49 and 
0.46) than was groat length (total r's of 0.35 and 0.34). The correla­
tions between length and width were both positive and negative but they 
were generally low. The total values, 0.16 and 0.01, appeared to approach 
zero. 
A better estimate of the genetic association between weight per 100 
groats, groat width and length can be obtained from genetic correlations 
(14). The formula used was as follows: 
3*2 and Tj Populations 
where : r(j & = Genetic correlation coefficient between a pair of 
A B characters, 
bj^g = Regression coefficient of an Tj character on an Fg 
character, 
b-n» = Regression coefficient reciprocally calculated to that 
of bjtf, 
^AA = degression coefficient of the on the Fg of one of 
the pair of characters, 
b-p-p = Regression coefficient of the F- on the Fg of the other 
of a pair of characters. 
^BB = 
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Table 5« Heritability percentages in standard units for weight per 100 
nwJ •.» 4 J • V -P w TO 4» 
Cross D.F. 
b' values 
Wt./l00 groats Length Width 
Clintland x Rodney 87 14 
* 
38** 
2 
41»* 
C. I. 1003 x Andrew 81 16 63** 26** 
Putnam x A 158-11 101 55** 59** 52** 
A 158-11 x Burnett 120 60•• 50•• 47** 
Clintland x A72-165-5 115 51 *• 51** 48** 
Putnam x A72-165-5 14 28 19 14 
Newton x A72-1&5-5 110 25** 46** 
- 5 
C. I. 6748 x Bonds 94 25* 53** 20* 
Eaton x Cherokee 84 25* 39** 44** 
B. L. 2105 x C. I. 6748 89 15 54** 44** 
C. I. 6748 x B. L. 2105 89 20 57** 42** 
Mo. 205 x Cherokee 95 55** 57** 26** 
Total 1079 36** 51** 35** 
For this and all following tables: 
•Exceeds the 5$ level of significance, and •• exceeds the 1$ level of 
significance. 
Genetic correlations calculated by this formula eliminate most domi­
nant and epistatic deviations and all environmental deviations. The mean 
of the genetic correlations for weight per 100 groats and length, weight 
per 100 groats and width, and length and width were 0.48, 0.69 and -0.09, 
respectively (Table 7). The genetic associations between groat width and 
Table 6. Correlation coefficients among groat length, width and weight per 100 groats in 12 oat 
crosses 
Cross D.r. 
Wt. per 100 
groats and length 
Wt. per 100 
groats and width Length and wid ;h 
1958 1959 1958 1959 1958 195) 
Clintland x Rodney 87 0.10 0.22* 0.14 0.46** —0.06 -0.24' 
C. I. 1003 x Andrew 81 0.50** 0.39** 0.66** 0.55** O.49*'" 0.23' 
Putnam x A 15&-11 101 O.39-- 0.49** 0.61** 0.61** 0.18 0.21" 
A 158-11 x Burnett 120 0.30** 0.37** 0.60** 0.59** 0.07 O.36* 
Clintland x A 72-165-5 115 0.24* 0.03 0.52** 0.42** 0.15 -0.23' 
Putnam x A72-165-5 14 0.43 0.18 0.22 0.46 0.19 0.34 
Newton x A72-165-5 110 0.21* 0.34** O.36** 0.18 0.04 -0.24"" 
C. I. 6?48 x Bonda 94 0.51** 0.42** 0.30** 0.52** 0.19 0.16 
Eaton x Cherokee 84 0.54** 0.49** 0.55** 0.49** 0.67** 0.11 
R. L. 2105 x C. I. 6748 89 0.31** 0.35** 0.45** 0.24* —0.16 -0.37" 
C. I. 6748 x R. L. 2105 89 0.37** 0.38** 0.52** 0.35** 0.01 0.03 
Mo. 205 x Cherokee 95 0.46** 0.27** 0.64** 0.55** 0.19 -0.07 
Total 1101 0.35** 0.34** 0.49** 0.46** 0.16** 0.01 
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Table ?. Genetic correlations among groat length, width and weight per 
Cross D.F. 
Wt. per 
100 groats 
and length 
Wt. per 
100 groats 
and width 
Length 
and 
width 
Clintland x Rodney 87 0.52 0.20 -O.63 
C. I. 1003 x Andrew 81 0.67 1.16 0.00 
Putnam x A 158-11 101 0.55 0.83 0.00 
A 158-11 x Burnett 120 0.44 0.84 0.00 
Clintland x A72-165-5 115 0.00 0.80 —0.30 
Putnam x A72-165-5 14 1.27 1.14 -O.39 
Newton x A72-165-5 110 0.00 0.00 0.00 
C. I. 6?48 x Bonda 94 0.63 0.66 0.41 
Eaton x Cherokee 84 0.49 0.88 0.45 
R. L. 2105 x C. I. 6748 89 0.00 0.37 -0.75 
C. I. 6748 x R. L. 2105 89 0.77 O.36 0.00 
Mo. 205 x Cherokee 95 0.46 1.06 0.1? 
length and groat weight were greater than the phenotypic associations. 
The fact that correlations between length and width were distributed in 
both directions from zero and the mean genetic correlation was only -0.09, 
indicated that these characters were independently inherited. 
Mean correction factors (E values) (Table 8) were larger for the F^ 
than for the Fg generation, but no relationship was found between the 
groat shapes of the crosses (as indicated by length/width ratios) and the 
magnitude of their respective Z values. The range of these values (.032-
14 
Table 8. Mean values for K and groat length/width ratios for 12 oat 
Cross 
Length/width 
ratios K 
*2 *3 *2 *3 
Clintland x Rodney 2.87 2.8 5 .037 .042 
C. I. 1003 x Andrew 3.16 3.27 .032 • 039 
Putnam x A 158-11 2.84 2.71 .032 .039 
A I58-II x Burnett 2.67 2.70 .034 .048 
Clintland x A72-165-5 2.96 3-00 .036 .046 
Putnam x A72-165-5 2.92 2.75 .040 .045 
Newton x A72-165-5 2.67 2.72 .036 .039 
C. I. 6748 x Bonda 2.87 2.95 .034 .041 
Eaton x Cherokee 2.68 2.80 .037 .042 
R. 1. 2105 x C. I. 6?48 2.59 2.80 .038 .045 
C. I. 6748 x R. L. 2105 2.55 2.82 .039 .042 
Mo. 205 x Cherokee 2.82 2.87 .035 .035 
.048) indicates that an oat groat constitutes only about 40 percent of a 
cylinder with the same dimensions. The value, 40 percent, may be an under­
estimate since K also compensates for any error resulting from 100-groat 
weights being determined from both primary and secondary groats, while 
length and width measurements were determined from primary groats only. 
The means, standard deviations, and ranges for 100-groat weight, 
groat length and width from each of the 12 crosses are shown in Tables 9. 
10, and 11, respectively. Two of the crosses, C. I. 1003 x Andrew and 
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Table 9« Mean weight per 100 groats, groat length and width from ~S0 and 
TP «B A 1 O AO 4" n « f 
Wt. per 100 
groats Length Width 
Cross 
F2 F3 F2 F3 F2 *3 
gms. gms. mm. mm. mm. mm. 
Clintland x Rodney 1.85 2.29 7.30 7.44 2.54 2.61 
C. I. 1003 x Andrew 2.03 2.40 8.41 8.47 2.66 2.59 
Putnam x A 158-11 1.59 2.03 7.17 7.09 2.53 2.62 
A 158-11 x Burnett 1.95 2.48 7.22 7.08 2.70 2.62 
Clintland x A72-165-5 1.4? 1.86 6.96 6.96 2.35 2.32 
Putnam x A72-165-5 1.71 2.02 7.01 6.83 2.40 2.49 
Newton x A72-165-5 1.67 1.99 6.80 7.09 2.54 2.60 
C. I. 6?48 x Bonda 1.67 1.99 7.23 7.35 2.52 2.49 
Eaton x Cherokee 1.79 2.22 6.87 7-27 2.56 2.60 
R. L. 2105 x C. I. 6748 1.72 2.27 6.59 7-16 2.54 2.56 
C. I. 6748 x R. L. 2105 1.79 2.33 6.56 7.48 2.57 2.65 
Mo. 205 x Cherokee 1.71 2.22 7.15 7.86 2.53 2.74 
A158-11 x Burnett, showed greater ranges of segregation and larger stand­
ard deviations for groat weight, than did the other crosses. In the cross 
C. I. 1003 x Andrew, the large variation in groat weight was accompanied 
by a large standard deviation for groat length, whereas the standard de­
viation for groat width was about the same as those from the other crosses. 
The cross, Al^ô-ll x Burnett, showed an opposite relationship, i.e., the 
standard deviation for length was smaller than any other cross in the F g 
and among the smallest in but the standard deviation for width was the 
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Table 10. Standard deviations for weight per 100 groats, groat length and 
• » J #3 a» •£* M A.w *TÏ* M M *3 15 . —™ A <t A «4 A ^  1 * 1 A A X A A *m  ^ A —™ 
Gross 
Wt. per 
groats 
100 
1 Length Width 
*2 F3 *2 r3 *2 *3 
&I118 • gms. mm. mm. mm. mm. 
Clintland x Rodney .206 .204 • 353 .330 .130 .100 
C. I. 1003 x Andrew .298 .266 .502 • 393 .109 .108 
Putnam x A 158-11 .173 ,224 .350 
CO 
.124 .113 
A I58-II x Burnett .317 .284 .277 .288 .194 .145 
Clintland x A72-165-5 .152 .148 .307 .270 •133 .103 
Putnam x A72-165-5 .133 .121 .296 .311 .083 .091 
iiewton x A72-165-5 .152 .150 .385 .310 .120 .106 
C. I. 6748 x Bonda .174 .170 • 332 • 279 .179 .117 
Eaton x Cherokee .199 .180 • 390 .236 .145 .097 
R. L. 2105 x C. I. 6748 .174 .196 .354 .353 .118 .116 
C. I. 6748 x R. L. 2105 .164 .221 .295 .401 .105 .102 
Mo. 205 x Cherokee .210 .170 .360 .368 .108 .114 
highest of all crosses in both years. 
Although variability existed for groat width in the cross, C. I. 
1003 x Andrew, the greatest portion of the groat weight segregation could 
be attributed to variability in groat length. This is interesting because 
Andrew and 0. I. 1003 produced the longest groats of any oat varieties 
used (Table 1). Approximately 10 percent of the Fg and progenies pro­
duced groats over 9-0 mm. in length and 10 percent produced groats under 
8.0 mm. This would indicate that at least a portion of the genetic sys-
Table 11. Eanges for weight per 100 groats, groat length and width from Fg and F^ progenies of 12 
oat crosses 
Weight per 100 groats Groat length Groat width 
Cross 
?2 *3 *2 F3 *2 F3 
gme. gms. mm. mm. mm. mn 
• 
Clintland x Rodney 1.41-2.29 1.80-2.80 6.51-8.01 6.59-8.24 2.22-2.88 2.38-2 .52 
C. I. 1003 x Andrew 1.50-2.96 1.69-2.86 7.30-9.80 7.31-9.36 2.46-3.00 2.37-2 .37 
Putnam x A 158-11 1.25-2.17 1.52-2.62 6.24-7.96 6.37-7.90 2.25-2.88 2.28-2 .38 
A I58-II x Burnett 1.03-2.90 1.70-2.93 6.37-7.95 6.10-7.93 2.I3-3.H 2.25-2 .90 
Clintland x A72-165-5 1.22-2.04 1.45-2.22 6.21-7.59 6.18-7.61 2.04-2.79 2.13-2 .60 
Putnam x A72-165-5 1.51-2.06 1.86-2.27 6.41-7.47 6.22-7.29 2.25-2.56 2.33-2 . 68 
Newton x A72-165-5 1.34-2.05 1.58-2.40 6.03-7.82 6.40-8.22 2.19-2.81 2.39-2 .92 
C. I. 6748 x Bonde. 1.30-2.12 1.62-2.55 6.46-8.20 6.48-8.20 2.08-2.85 2.19-2 .78 
Eaton x Cherokee I.32-2..34 1.86-2.76 5.89-7.59 6.72-7.79 2.13-2.82 2.29-2 .39 
R. L. 2105 x C. I. 6748 1.29-2.02 1.77-2.70 5.67-7.48 6.36-7.99 2.25-2.85 2.29-2 .78 
C. I. 6748 x R. L. 2105 1.39-2.27 1.83-2.86 5.92-7.45 6.42-8.52 2.34-2.77 2.39-2 .85 
Mo. 205 x Cherokee 1.27-2.14 1.80-2.76 6.08-8.10 6.58-8.59 2.29-2.76 2.50-2 .96 
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terns, or complexes, responsible for seed length in the 2 parental oat 
varieties were different, thus allowing transgress!ve segregation. 
The distributions of groat weight, length and width for the crosses 
showed no consistent deviation from normality nor any indication of being 
bimodal. 
Radiated Populations 
A comparison between the means of radiated and control populations 
(Table 12) showed weight per 100 groats to be reduced in the radiated 
populations. Mean length and width, however, were larger for the radiated 
populations in 1958 and the K value was larger in the radiated populations 
in 1959» The variances (Table 13) were greater in the radiated popula­
tions in all but 2 instances. 
Frequency distributions of weight per 100 groats, groat length and 
width and K values are shown for the radiated and control populations in 
Figures 1-16 and skewness and kurtosis (ll) values for these distributions 
are presented in Tables 14 and 15. There was neither a consistent posi­
tive nor negative change in skewness due to radiation in any of the char­
acters, but more significant, positive values were found in the small 
seeded (0. I. 6?48) material than in the large seeded (Bonham) material. 
However, with the exception of weight per 100 groats in the 1959 material 
and groat length in the Bonham material grown in 1959» radiation consist­
ently changed the kurtosis values in a positive direction. 
Table 12. Mean weight per 100 groats, groat length and width in radiated and control populations 
Radiated 
( n=»22l) 
Bonham 
Sig. 
level 
Control 
(n»295) 
0. I. 6748 _ 
Radiated Sig. Control 
(rk*507) level (n=]10) 
Weight per 100 groats (gms.) 
1958 1.84 
1959 2.37 
Groat length (mm.) 
1958 7.28 
1959 7.25 
Groat width (mm.) 
1956 2.57 
1959 2.63 
K values 
1958 .0360 
1959 .0447 
0.100 
0.400 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
1.87 
2.38 
6.89 
7.39 
2.45 
2.67 
.0421 
.0424 
1.56 
1.82 
6.60 
6.82 
2.36 
2.39 
.0396 
.0438 
0.005 
0.300 
0.100 
0.400 
0.001 
0.001 
0.001 
0.001 
1 . ( 0  
1 . 6 3  
6.f 5 
6.64 
2.23 
2.56 
. 0 '+22 
.0 331 
Table 13. Variances of weight per 100 groats, groat length and width in radiated and control 
population! 
Bonham 0. I. 6748 
Radiated 
(n=22l) F 
Control 
(a=295) 
Radiated 
(n=507) 1 
Cont roi 
(n=3 L0) 
Weight per 100 groats (gms.) 
1958 .037675 1.02 .036952 .047834 1.67** .028 S:i2 
1959 .019343 1.50+* .012935 .014598 1.06 .015 520 
Groat length (mm.) 
1958 .095104 1.19* .079982 .163103 1.09 .150257 
1959 .172607 4.32** .039992 .088488 1.76** .050 302 
Groat width (mm.) 
1958 .019343 2.95** .006552 .018309 3.06** .005)83 
1959 .017387 1.86** .009350 .017999 1.59** .011300 
K values 
1958 .000017 1.14 .000019 .000030 1.20* .000325 
1959 .000052 5.04** .000010 .000032 2.04** .000IL6 
Figure 1. Frequency distributions for 100-groat weights for radiated 
and non-radiated populations of 0. I. 6748 grown in 1958 
Figure 2. Frequency distributions for 100-groat weights for radiated 
and. non-radiated populations of Bonham grown in 1958 
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Figure 3. Frequency distributions for 100-groat weights for radiated 
and noa-radiated populations of 0. I. 6?48 grown in 1959 
Figure 4. Frequency distributions for 100-groat weights for radiated 
and non-radiated populations of Bonhant grown in 1959 
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Figure 5. Frequency distributions for length measurements for radiated 
and noa-radiated populations of C. I. 6?48 grown in 1958 
Figure 6. Frequency distributions for length measurements for radiated 
and non-radiated populations of Bonhao grown in 1958 
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Figure 7. Frequency distributions for length measurements for radiated 
and non-radiated populations of C. I. 6?k8 grown in 1959 
Figure 8. Frequency distributions for length measurements for radiated 
and non-radiated populations of Bonham grown in 1959 
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Figure 9. Frequency distributions for width measurements for radiated 
and non-radiated populations of 0. I. 6?48 grown in 1958 
Figure 10. Frequency distributions for width measurements for radiated 
and non-radiated populations of Bonham grown in 1958 
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Figure 11. Frequency distributions for width measurements for radiated 
and non-radiated populations of C. I. 6?48 grown in 1959 
Figure 12. Frequency distributions for width measurements for radiated 
and non-radiated populations of Bonham grown in 1959 
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Figure 13. Frequency distributions for K values for radiated and 
non-radiated populations of C. I. 6?48 grown in 1958 
Figure 14. Frequency distributions for K values for radiated and 
non-radiated populations of Bonham grown in 1958 
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Figure 15. Frequency distributions for K values for radiated «id 
non-radiated populations of 0. I. 6?48 grown in 1959 
Figure 16. Frequency distributions for K values for radiated and 
non-radiated populations of Bonhani grown in 1959 
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Table 14. Skewnsss values for weight per 100 groats, groat length and. 
*-*4 4 V» «  « *  J tT W A  1 A  A  ^  « M M  M A  4 4 A  M W  J A  A  « ^ m* A  1 A  v\. 1 1 rt ^  4 A M  M  
Bonham C. I. 6748 
Radiated Control Badiated Control 
(n=22l) (tt=295) (n=507) (n^lO) 
Weight per 100 groats 
1958 O.56** 1.01** 1.12** -0.22 
1959 -0.08 0.01 -0.23* 0.41** 
Groat length 
1958 -0.I3 -O.O6 0.77** 0.13 
1959 0.12 0.88** 0.44** 0.30* 
Groat width 
1958 0.71** -0.35* 0.35** -O.45** 
1959 0.26 0.15 -0.10 0.07 
K values 
1958 0.20 0.00 0.23* O.35* 
1959 0.59** 0.22 0.55** 0.46** 
Length and Width Development 
The length component of groat weight was largely determined during 
the first 8 days following anthesis (Figure 17). The width component was 
not fully developed until the third week following anthesis. This rela­
tionship is particularly apparent when the length and width values were 
used in the groat weight formula (a). Small changes in width, which 
enters the formula as a squared function, will affect a major change in 
groat weight. These data would indicate that groat width would be sub-
39 
.lecteà to possible adverse environmental conditions, such as moisture 
deficiencies or rust infections, for a longer period of time than would 
groat length. 
Table 15. Kurtosis values for weight per 100 groat, groat length and 
width, and K values, from radiated and control populations 
Bonhaa 0. I. 6748 
Eadiated 
(n=22l) 
Control 
(n=295) 
Eadiated 
(n=507) 
Control 
(n=310) 
Weight per 100 groats 
1958 0.65* 
1959 -0.48 
Great length 
1958 -0.01 
1959 0.54 
Groat width 
1958 0.47 
1959 0.14 
K values 
1958 2.98** 
1959 0.05 
0.19 
1.04** 
-O.O7 
1.15** 
0.10 
0.05 
-0.04 
•0.04 
1.60** 
1.54** 
2.00** 
0.74** 
0.91** 
0.06 
0.07 
0.72** 
-O.I3 
2.29** 
-0.10 
0.13 
0.17 
-O.23 
-O.23 
0.53 
Figure 17. Groat length and width, from fresh and dry samples, 2, 4, 
6, 8, 10 and 21 days following anthesis 
kl 
o 
DRY LENGTH 
FRESH LENGTH 
UJ 
FRESH WIDTH 
DRY WIDTH 
DAYS AFTER ANTHESIS 
42 
DISCUSSION 
One of the three physical components of groat weight, namely groat 
density, showed no significant variability among the oat strains used in 
this study. The strains represent a vide range of origin which is sug­
gestive that groat density is a constant for oat groats. 
The correlations among groat weight and the components, groat length 
and width, indicated that variations in width had a greater influence upon 
groat weight than did variations in length. This result would be expected 
since width affects groat weight as a squared function. The low correla­
tions between length and width indicates that these characters were in­
herited independently. This was interpreted to mean that increases in 
both length and width could be obtained from simultaneous selection. 
The essentially normal distributions of groat length, width and 
weight in the an& material indicated that these characters were 
quantitative in inheritance. The relationships found between groat weight 
and its components in the two crosses, C. I. 1003 % Andrew and A158-11 x 
Burnett, may also give an indication of the type of genetic systems which 
may influence these characters. In the first of these crosses, variations 
in groat weight were due to large variations in length, while large varia­
tions in width were responsible for the variations in groat weight in the 
latter cross. These results also indicated that groat length and width 
were independently inherited characters. 
The apparent transgressive segregation, for both groat weight and 
length, observed in the cross C. I. 1003 x Andrew ie noteworthy because 
this cross utilized the two parents with the longest groat. Earlier 
papers (3,7) suggested that since yield components affect grain yield in 
a geometric manner, the greatest yield segregation would result from 
crossing of parents which had high values for different components. The 
data from the C« I. 1003 % Andrew cross did not support this hypothesis. 
The wide segregation for groat weight obtained from a cross of two parents 
with comparable length/width ratios might be interpreted as an indication 
that groat length was affected by different genetic systems in the two 
parents, 0. I. 1003 x Andrew. If this situation is true, it is conceiv­
able that comparable situations would exist for the components of grain 
yield. 
The fact that heritability percentages for groat width and weight 
were about equal was disconcerting. The results of the length and width 
development study, however, may explain this situation. The length and 
width development study showed length to be largely determined in an 8 day 
period while width required nearly 3 weeks for total development. Width 
was thus subjected to environmental influences for a longer period of time 
than was length. This situation appeared to be reflected in the herit­
ability percentages. 
When Grafius (7) separated yield into panicles per plant, seeds per 
panicle and seed weight he actually separated the period of plant develop­
ment into 3 separate time periods. Groat weight was manifested in the 
last of these periods. When groat weight was subdivided into the compo­
nents, length and width, the developmental periods can be illustrated 
by the following diagram: 
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i b'=51# 
t'=3# 
width 
b'=364 4 tillers per plant seeds per head groat weight 
Both groat weight and width were subjected to environmental effects for a 
three week period of development, while length was subjected to these 
effects only during an 8 day developmental period. 
Perhaps the subdivision of a quantitative character into physical 
components may be of value only so long as these components are determined 
during different time periods. Otherwise, the environmental effects upon 
the components will be no less than those upon the original character. 
Consistent increases in variation due to radiation were observed. 
The shift.s of the means of each of the characters was also consistent but 
in a unique manner. In 1959» groat weight, length and width all were re­
duced by radiation. In 1958, however, length and width were increased in 
the radiated populations. The fact that groat weight reacted consistently 
to radiation while groat length and width showed an apparent "year effect™ 
may be due to a difference in the percentage of secondary kernels produced 
during the two years. Groat length and width measurements were taken from 
primary groats, while groat weight was determined from a sample of 100 
seeds, containing both primary and secondary groats. 
The tendency toward more positive skewness values in the small seeded 
(C. I. 6748) material than in the large seeded (Bonham) material could be 
interpreted as an indication that the small seeded material had a greater 
tendency to spread into the high tail of the distribution. The skewness 
values did indicate, however, that changes due to radiation occurred in 
both directions. 
The consistent effect of radiation in changing kurtosis values in a 
positive direction strongly indicated that the changes due to radiation 
were small in magnitude, that they effected the flanks, rather than the 
tails, of the distribution and that the characters studied were of a 
quantitative nature. Therefore, no drastic changes in groat weight, or 
its components, could be expected from radiation. 
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SUMMARY 
Groat weight was subdivided into the components groat length, width 
and density. These components were studied in progenies of 12 
crosses and in radiated and control populations of a large and a small 
seeded variety. 
In general the conclusions were: 
1. Density was a constant value of 1.3° when oats were not affected 
by disease. 
2. Groat length showed a relatively high degree of heritaoility 
(5156), while groat width (35/0 was no more heritable than groat weight 
(36*). 
3. Groat width was of great influence in the development of groat 
weight than was groat length. 
4. Groat length was largely determined within 8 days following 
anthesis, while groat width required nearly three weeks from this date 
before development was complete. 
5. The subdivision of a quantitative character into its physical 
components to increase heritability ceased to be advantageous when these 
components were determined during the same or greatly overlapping time 
periods. 
6. Radiation caused an increase in the variability of all the char­
acters studied. 
7. The changes due to radiation were generally small in magnitude 
and they occurred in both directions from the mean. 
8. The inheritance of groat weight, length and width, appeared to 
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be quantitative. 
9. Groat length and groat width appeared to be independently in­
herited characters. 
10= In some instances it may be possible to increase variability in 
groat weight more by crossing two strains with long groats or two strains 
with wide groats, than by crossing one strain with long groats with an­
other strain having wide groats. This was interpreted as an indication 
that the individual components may be affected by different genetic sys­
tems in different oat strains. Such might be the case with the components 
of other quantitative characters. 
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